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To  develop  a  bolt  anc  nut  assembly  for 
the  New  Military  Standard  40“  x  48“  toood 
Pallet,  and  to  test  various  bolt  designs 
in  order  that  authoritative  information 
be  available  for  recommendations  for  pal¬ 
let  bolt  specifications. 

Two  if  the  fifteen  bv.lt  designs  tested 
were  *ound  suitable  for  pallet  construc¬ 
tion.  A  nut  design  was  also  found  ac¬ 
ceptable. 

It  is  recommended  that  additional  devel¬ 
opment  be  undertaken  to  determine  the  op¬ 
timum  design  of  the  two  acceptable  basic 
forms,  in  order  that  a  final  choice  can 
be  made 
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There  are  in  general  use  today, 
two  principle  weans  of  assembling 
wood er  pallets,  namely:  nails  and 
bolts.  of  the  two,  nails  are  the 
most  widely  used.  However,  it  is 
sometimes  necessary  to  employ  the 
less  economical  but  more  serviceable 
bolted  means.  This  is  particularly 
true  in  cases  where  ease  of  assembly 
of  a  pallet  is  a  requisite  or  where 
the  strength  advantages  offered  by 
bolts  must  be  utiJ>;r'. 

It  has  been  found  advisable  to 
implement  the  Ae w  Military  Stanaara 
40”  x  46”  lood  Pallet  with  two  sets 
of  specifications;  one  covering  an 
all  nailed  construction  for  general 

i  / 

use,  and  another  in  which  the  pallet 
i«  assembled  by  a  combination  of 
bolts  and  nails.  Th*  ’after  form  of 
construction  permits  disassembly  of 
pallets  for  unburdened  overseas 
shipment  or  for  pallet  resupply  when 
the  conservation  of  shipping  space 
is  essential. 

In  order  to  simplify  assembly  and 
to  minimise  the  number  of  component 
parts,  it  was  found  practical  to 
nail  the  transverse  boards  and  seme 
of  the  top  de'k  boards  into  a  sub- 
assembly.  The  remaining  parts  are 
combined  with  the  sub-assembly  by 
means  of  18  bolts- -two  at  each  post 
location,  page  111-  Ih«  shipping 

i  cube  of  the  sub-assembly  and  other 


parts  is  af proximateiy  half  that  of 
a  completely  assembled  pallet.  It 
was  found  that  a  bolt  5/16**  in  di¬ 
ameter  was  sufficiently  strong. 

In  testing  bolted  pallets,  one 
serious  deficiency  was  ancountered 
repeatedly.  If  a  bolt  loosaned,  it 
was  found  exceedingly  difficult,  if 
not  impossible,  to  ratightan  it. 
then  a  torque  waa  applied  to  the 
nut,  the  bolt  would  turn  freely. 
The  presence  of  any  rust  or  corro¬ 
sion  or  the  deformation  of  any 
threads  aggravated  this  condition. 

Another  fault  of  th*  bolts  cow- 
monly  used  in  pallet  construction 
was  the  necessity  of  deep  counter- 

boring  in  order  to  effect  a  flush 
head.  This  countar-boring  materi¬ 
ally  weakened  the  member  in  which  it 

was  done  and  also  resulted  in  a  de¬ 
pression  wherein  water  would  collect 

and  accelerate  rusting  of  the  bolt 
or  rotting  of  the  wood  around  it. 

It  was  determined  that  the  bolt 
and  nut  to  be  used  in  e  standard 
military  pallet  must  fulfill  the 
following  requirements: 

1,  For  economic  consider¬ 
ations,  both  bolt  and  nut  must 
be  r^antabie  to  present  day 
production  line  manufacture. 

2.  The  colt  head  or  shank 
must  be  so  designed  that  it 
will  lock  into  the  wood  suffi- 
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cient.'y  to  resist  the  tormie 
necessary  to  ti  •  '  '  or  loosen 
the  nut  at  any  time  during  the 
life  of  the  oallet. 

3.  The  bolt  and  nut  must  be 
of  such  a  oesign  that  when  the 
nolt  is  pvllej  up  tightly  in 
the  pallet  assembly,  the  heads 
of  both  nut  and  bolt  must  be 
flush  with  the  wood  surface 
without  resorting  to  excessive 
counter-boring. 

4.  The  above  functions  should 


be  accompli  shed  preferably 
without  the  use  of  any  acces- 
:ori«s,  vi*. ,  washers. 

A  survey  of  bolt  manufacturers 
disclosed  a  number  of  bolt  designs 

)hich  might  be  adapted  to  pallet 
se.  The  manufacturers  furnished 
samples  of  their  products  for  ex¬ 
perimental  purposes  and  several  of 
the  cotnpanies  further  cooperated  by 
making  new  designs  in  an  attempt  to 
overcome  known  deficiencies. 


Jt  was  found  that  there  was  a 
commercially  available  nut  that  most 
nearly  fulfilleQ  the  requirements. 
Certain  modifications  were  made  to 
this  nut  in  order  to  obtain  maximum 
results.  This  modified  version  has 
since  been  incorporated  in  the  stan¬ 
dards  of  the  manufacturer  and  was 
used  in  these  tests.  A  photograph 
of  this  nut  appears  in  Figure  5. 

After  extensive  study,  the  Supply 
Engineering  Division  of  tht  V.  S. 

tiaval  Supply  Research  ana  Develop- 
mert  Facility  developed  several  bolt 
designs.  These  bolts  are  designated 
in  this  report  as  Series  A  and  may 
be  seen,  along  with  those  obtained 
from  comnercial  outlets  on  page  1. 

It  is  the  purpose  of  this  report 
to  present  the  developmental  work 
accomplished  in  the  design  of  a 
suitable  pallet  bolt,  and  to  show 
the  results  of  the  various  tests 
conducted.  Included  are  pertinent 
conclusions  and  r woo— laudations. 
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fcotA.  BOLT  &  NUT 
ASSEM.  -/8  REQ'D 


FLUSH  HEAD  HEY  SOCKET 
NUT  FORM  FROM  *15  6A. 
FERROUS  ALLOY 


40hX  48* NAVY  SYO  WOOD  PALLET 
BOLTED  CONSTRUCTION 


i DRILL  /e HOLES  THRU 
PALLET  ASSEMBLY  & 
CBOR£  AS  REQUIRED 

forXdia.  bolts  nut 
SEE  Vt'PfCAL  SECT/ON 


BOLT  HEAD  OR  SHANK  70 
INITIATES  SUSTAIN  ADE¬ 
QUATE  LOCKING  OF  BOLT 
IN  WOOD  WHEN  NUT  IS 
TURNED 


TYPICAL 
BOLT  SECTION 


XPLODED  VIEW 
l  FONTS  OF  DEMCUNTABMJTY 


\:  REQUIRED  DETAILS  FOR  BOLTED  PALLET 
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PALLET  BOLT  DEVELOPMENT 

TEST  MATERIAL  AMD  E0VIPKM7 
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TES7  MATERIAL: 

1 .  hardwood  block  assembly 
(white  oak)  siaulating  a  section 
of  the  40“  x  48“  pallet.  Page  4. 

2.  Softwood  block  assembly 
(yellow  pine)  similar  to  a  sec* 
tion  of  the  40 **  *  4ff"  pallet. 
Page  4. 

3.  Mush  he»J,  _ ..un- rocket 

nut;  supplied  by  United-Car r 
fastener  Corporation,  Cambridge, 
Massachusetts .  Figure  5. 

4.  dolt  designs,  commercial  and 
others,  having  tlie  following  des¬ 
criptions; 

(The  preceding  page  shows  indivi¬ 
dual  photographs  of  heads  of  each 
bolt  tested  and  may  be  referred 
to  in  conjunction  with  the  fol¬ 
lowing  descriptions.) 

TWb  A 

Large  conical  head  with  3  flat 
radial  fins  projecting  downward  from 
the  surface  cf  the  conical  head 
This  bolt  designed  by  Simply  Engine - 
r r i r *  ’’jv is  ion  *ni  manufactured  et 
toe  'evei  Supply  Deoot ,  Bayonne ,  Hew 
/•rsey . 

APT  M 

Hat  head  with  3  radial  flat  fins 
having  a  quarter  circle  profile  pro¬ 
jecting  downward  from  the  undefface 
of  the  head  and  integral  with  the 
shank.  A  fillet  rounds  out  the  in¬ 
tersection  of  the  shank  and  t he 
head.  ^is  bolt  designed  by  Supply 
Engineering  Division  and  canmfftC- 
t.-red  at  the  Havel  Supply  bepet , 
Bayonne ,  Hew  Jersey- 


TYPE  A 2 

Thin  flat  head  with  beveled  wdge 
and  3  tape  rad  radial  fina  ax tending 
downward  frost  the  under  face  of  the 
head.  A  small  fillat  rounds  out  tha 
intersection  of  the  shank  and  ha ad. 
This  bolt  designed  by  Supply  Engine¬ 
ering  Division,  and  attnufsetured  by 
the  Havel  Supply  Depot,  Bayonne ,  Hew 
Jersey. 

TYPE  B 

Thin  flat  head  with  bewsied  sag* 
an!  four  small  non- symmetrical  fina 
having  a  substantially  triangular 
profile  placed  in  tha  wab  at  tha 
intersection  of  the  shank  and  tha 
head.  Pesignsd  and  sMnufactured  by 
the  Lewis  Bolt  Cnmpeny ,  Minneapolis, 
Minnesota. 

TYPE  B1 

Identical  with  Type  B  except  that 
•  swell  rectangular  lug  has  been 
ounched  out  of  and  turned  downward 
from  the  head.  Designed  and  manu¬ 
factured  by  Lewis  Bolt  Company,  Min¬ 
neapolis,  Minnesota. 

TYPE  B2 

Substantially  identical  with  Type 
A2.  kinor  dimensional  alterations 
made  to  accosModate  manufacturing 
processes.  Designed  'y  Supply  In- 
ginaaring  Division,  sue  rntnu lectured 
by  Lewis  Bolt  Coapany,  Minneapolis, 
Minnesota. 

TIP*  C 

A  button  hswded  bolt  having  two 
lugs  punched  out  of  and  extended 
downward  from  tha  edge  of  tha  hand. 
Supplied  by  tol 1-i its  Corporation, 


Oakland,  Cn l i fornia . 

TYPE  D 

A  flat  heart  bolt  having  a  portion 
of  the  shank  just  below  the  heart  en¬ 
larged,  tapered,  and  spiined.  Kdge 
of  head  beveled.  Supplied  by  Lamson 
Seaaiona  Company,  Cleveland ,  Ohio. 
TYPE  E 

Combination  of  standard  square 
neck  carriage  bolt,  button  heart,  and 
four  pronged  washer  having  a  square 
hole  in  the  center  to  accommodate 
the  square  neck  of  the  carriage  bolt 
and  having  four  flat  triangular  lugs 
punched  out  of  and  extending  down¬ 
ward  from  the  washer.  Lesigned  and 
manufactured  by  United-Carr  Fastener 
Corporation,  Cambridge,  Massachu¬ 
setts. 

TYPE  11 

Standard  square  neck  button  head 
carriage  ^olt  manufactured  by  Lewis 
Bolt  Company,  Minneapolis,  Minne¬ 
sota. 

TYPE  12 

Hat  head  square  neck  carriage 
bolt.  kdge  of  head  beveled.  * inu- 
factured  by  MacLean- Fogf  Company, 
Chicago,  Illinois. 

TYPE  EJ 

Scjuare  neck  carriage  t>olt  having 
a  conical  or  counter-sunk  heart. 
Manufactured  by  Lewis  Bolt  Company, 
Minneanolic,  Minnesota . 

TYPE  F 

Thin  beveled  header'  bolt  with  two 
radial  fin  u laretr 1  cal l y  on-nosed 


and  forged  from  a  section  of  "lie 
shank  slightly  oalow  the  head.  De¬ 
signed  and  manufactured  by  MacLean- 
Fogg  Company,  Chicago,  Illinois. 

TYPE  0 

fkitton  head  bolt  with  two  tapered 
radial  fina,  substantially  triang¬ 
ular  In  profile  and  symmetrical,  ex 
tending  dewnward  from  the  under  face 
of  t! e  head  ana  integral  with  the 
shaft.  .Vanufactured  by  Masmer  Bolt 
Coamany,  Cleveland,  Ohio. 

TYPE  G1 

Litton  head  Dclt  with  two  thick 
radial  fins  extending  downward  from 
the  overface  of  the  head  and  inte¬ 
gral  with  the  she f ~ ,  the  profile  be¬ 
ing  substantially  rectangular  with 
the  lower  corners  beveled  off. 
Manufactured  by  T aster  Bolt  Company, 
Cleveland,  Ohio. 

TEST  SOU IF ME NT 

1.  Torque  wrerches  ('‘anufec- 
turer:  Snao-(>n  Tool  Corporation, 
Kenosha,  Mtsconsin)  with  the  fol¬ 
lowing  caoacitiea: 

(  s)  0  to  30  i  neb  -  1 ..  s  .  ini 
inch- lb,  increments 

(D)  0  to  150  inch- lbs.  ir  5 
inch-lb.  increrents 

(c)  0  to  6JC  i r, oh-  lbs.  in  20 
inch-lu.  more  on ts 

(d)  0  to  150  foot- It's,  i  o  j 
foot-’fcs.  i  nc  recent* 

2.  Special  tools  to  facilitate 
testing,  shown  on  pages  4(  *1  , 
*(b). 


SPECIAL  TOOLS 
BOLT  TORQUE  TEST 


SPECIAL  TENSION  TOOL 
MIL  HARDENED  STEEL 


SPECIAL  TURNING  TOOL 
kSATL  HAPPENED  STEEL 
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TEST  sennit 


TEST  NO.  1  -  '  •xirur  Register) ce  of 
t h#  bolt  to  b«  Turned  In  food. 

( Hardwood  end  Softwood). 

Condition*: 

In  order  to  allow  accessibility 
to  the  bolt  thread,  for  the  special 
tools  used  in  this  test,  the  top 
board  of  the  block  assembly,  page  4, 
and  the  nut  should  not  be  used.  The 
bolt  shall  be  drawn  tightly  into  the 
remaining  members  of  the  test  block 
with  the  special  tool  shown  on  page 
4a.  The  special  tool  shall  then  be 
backed  off  and  retightened  until  15" 
lbs.  of  torque  is  reached.  The  to<*l 
shall  then  be  secured  to  the  bolt 
by  the  set  screws.  The  second 
special  tool,  shown  on  page  4»,  con¬ 
taining  a  blind  threaded  hole,  stall 
be  turned  onto  the  bol  „  unt.l  the 
bolt  hits  the  thread  bottom.  A 
torque  wrench  shall  then  be  used  to 
forcibly  turn  this  tool  and  the  max¬ 
imum  force  resistance  by  the  bolt 
before  turning  in  the  wood  or  break¬ 
ing  shall  be  recorded,  Figure  1. 
leadings  shall  be  taken  in  both 
hardwood  and  softwood  blocks.  Where 
the  lugs,  fins,  or  other  holding 
means  are  syrwetrical  to  a  longitud¬ 
inal  axial  plane  cf  the^bolt,  read¬ 
ings  shall  be  taken  only  in  the 
clockwise  direction;  where  the  hold¬ 
ing  means  are  not  symmetrical,  read¬ 
ing*  shell  be  ta*en  in  both  the 
clockwise  and  counter  - clockw  1 1 e 
directions. 

TFST  NO.  2  -  Torque  required  to  back 


Nut  off  bolt. 

Condit ion*: 

9elt«  shall  be  placed  in  test 
blocks  and  e  nut  turned  on.  The  nut 
•hall  then  be  tightened  until  the 
bolt  head  is  drawn  into  the  wood  and 
the  components  of  the  block  are 
tightly  drawn  together.  A  torque 
wrench  shall  then  be  used  to  back 
the  nut  off  the  bolt,  ano  the  maxi¬ 
mum  torque  Incurred  shall  be  record¬ 
ed.  The  ability  of  the  bolt  head  to 
withstand  this  counter-clockwise 
torque  shall  be  noted. 

TEST  NO.  3  -  retermination  of  the 
effects  of  sreather  and  the  maximum 
torque  necessary  to  remove  the  nut 
from  the  bolt  when  u’  e  two  are  rust¬ 
ed.  The  resistance  of  the  dolt  to 
turning  ah*1 1  also  be  noted. 

Condit ion*: 

The  bolt  shall  be  driven  up  and 
tightened  into  the  test  blocks  with 
the  nut  of  Figure  5,  until  the  heud 
of  the  bolt  is  drawn  into  the  wood 
and  the  components  of  the  block  are 
tightly  drawn  together.  The  blocks 
shall  then  be  cycled  in  a  weather 
conditioning  chamber,  during  which, 
time  the  bolt  and  nut  should  accumu¬ 
late  severe  rust.  As  an  alterna¬ 
tive,  the  biock  assembly  shall  be 
subjected  to  alternate  ?4  hour  salt 
water  immersion*  and  drying  periods 
out  of  doors  until  a  severe  rusting 
is  obtained.  A  torque  wrench  shall 
then  be  usad  to  determine  the  amount 
of  torque  necessary  to  disengage  the 


nut  from  the  bolt  and  the  ability  of 
the  bolt  to  resist  turning  in  the 
wood  stall  be  noted.  This  procedure 
shall  be  followed  using  both  hard¬ 
wood  and  softwood  blocks. 

Test  HO.  4  -  Torque  required  to 
tighten  bolt  into  drilled  hole  of 
Pallet  post  assembly  (Hardwood  and 
Softwood). 

Condi  t  ions: 

Bolts  stall  be  pushed  up  through 
the  test  blocks,  page  4,  until  ini- 
t iai  turning  on  of  a  nut  is  poa- 
sible.  A  torque  wrench  shall  then 


6 

be  used  to  determine  the  torque  nec¬ 
essary  *o  draw  the  bolt  head  into 
the  wood  and  to  establish  the  torque 
required  for  final  tightening.  The 
torque  for  final  tightening  shall  be 
that  torque  at  which  the  under face 
of  the  bolt  head  is  firmly  compres¬ 
sing  the  wood  and  the  components  of 
the  block  are  tightly  and  adequately 
drawn  together.  This  procedure 
shall  be  followed  with  each  bolt  de¬ 
sign  in  both  hardwood  and  softwood 
blocks. 


TEST  2  TEST  3 

REMOVAL  OF  NUT  MAMED  LATE  L  Y  REMOmL  OF  NUT  AFTER 

AFTER  TIGHTEN  HQ  WEATHER  INS 
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The  aeveral  types  of  coaserciel 
carriage  or  square  neck  holts  inclu¬ 
ded  in  the  test  schedule  did  not 
satisfy  the  functional  requi rawer' 
for  pellet  construction,  khan  used 
in  an  oversised  hole,  such  as  is  re- 
quired  in  wood  pellets,  the  bolt  de¬ 
pends  solely  on  the  extreae  edges  of 
the  squared  neck  in  the  wood  to  re¬ 
sist  turning.  The  loe  values  of  re¬ 
sistance  obtained  by  Type  El,  S3, 
and  E3  bolts  asks  it  evident  that 
for  this  bolt  to  resist  turning  io 
wood,  an  accessory  such  as  a  special 
washer  is  needed.  The  bolt-washer 
combination,  Type  F,  illustrates  an 
effective  eeans.  The  washer  has  a 
square  hole  to  accept  the  neck  of 
the  bolt  and  turned-down  corner 
oronji  that  art  forced  into  the 
wood.  It  was  fens  '  .iiat  this  device 
provided  •  most  rigid  lock,  attain¬ 
ing  a  strength  liaited  only  by  the 
shear  strength  of  th~  bolt  shank. 
The  inadequacy  of  this  ..ssewbly, 
however,  is  in  the  fact  that  exces¬ 
sive  counter-boring  of  the  wood  is 
required  to  house  the  bolt  head,  and 
that  the  added  parts  result  in 
Plication  of  assembly  with  sddtd 
cost. 

It  was  not  on s s i e  to  secure 
r  axienjir.  results  with  the  tspered- 
aplineci  shank  of  Tyoe  i  bolt.  Tuch 
locVing  weens  are  effective  only 
when  the  drilled  hole  in  the  wood  ie 
identical  to  the  bolt  diameter  at 
the  threads.  The  oversised  drilled 
hole  needed  for  ease  of  osllet  »i- 
sewbiy  peraits  only  s  portion  of  the 


spline  dwpth  and  length  to  lock  in 
tha  wood.  The  low  values  of  resis¬ 
tance  obtained  with  thie  bolt  ere 
coap arable  to  those  obtained  eith 
the  cerrieg*  bolts. 

The  peripheral  lug  type  bolts,  B] 
and  C,  disclosed  certain  serious 
weaknesses,  then  attempts  were  sods 
to  drew  the  bolt  into  the  wood,  acme 
of  the  luge  would  wither  bend  back, 
or  under,  or  chip  off,  Figure  2. 
then  the  luge  could  bo  drawn  into 
the  wood,  shearing  of  these  lugs  oc¬ 
curred  at  moderate  torques.  The 
luge  of  these  bolts  are  forsied  in 
manufacture  by  a  secondary  opera¬ 
tion  which  coaibines  shearing  end 
bending  wherein  ■  section  of  the 
outer  oeriphery  of  the  bolt  heed  is 
bent  downwaro  parallel  to  the  bolt 
shank.  Because  of  this  operation, 
tha  lug  is  inherently  weak,  since 
the  oetcl  therein  hat  already  been 
stressed  beyond  its  elastic  lisilt. 

Generally,  the  deeign  that  pro¬ 
vided  the  beet  and  most  consistsnt 
results  were  those  bolts  that  had 
webs  or  fins  radially  spaced  either 
under  the  bolt  heed  or  on  the  shank. 
It  was  fotnd  that  tha  turning  ret  »- 
tance  of  such  a  bolt  was  proportion¬ 
al  to  both  the  effective  ares  of  tha 
fins  or  webs  arid  tha  distance  from 
thee  to  the  avis  of  the  bolt.  Bolt 
B  and  u  have  a  avail  fin  area  and 
produced  Insignificant  reaults  as 
compared  to  Types  A,  Ai,  A3,  >  and 
>12,  in  which  the  fins  were  of  great¬ 
er  siae.  A  winiwua  of  two  and  a 
waaimuw  of  four  fina  ware  found  on 


the  bolts  tested.  A  tendency  toward 
splitting  of  the  wood  was  noted  when 
driving  the  bolts  having  fins  placed 
diavetrically  opposite  (especially 
when  the  fins  were  aligned  with  the 
grain  of  the  wood').  Type  F  bolt, 
having  diacetrically  opposed  fins, 
on  the  bolt  shank,  provided  good 
values  of  resistance.  however, 
under  high  toroues  the  fins  showed  a 
♦  e-viercy  to  blear,  figure  3. 

The  Tyoe  F  bolts,  as  received 
f  roe  the  mnutacturer,  appeared  to 
have  h*d  the  fins  made  by  performing 
a  secondary  shearing  and  forming 
operation  on  a  bolt  which  had  beer, 
annealed  or  ncrmaliied  after  form¬ 
ing.  It  does  not  appear  that  the 
internal  stresses  censed  by  the  sec¬ 
ondary  operation  hao  uet'r  relieved 
tnc  this  (right  account  for  the  weak- 
i  tit  of  *  he  tins.  This  observed 


weakness  cou.d  probebly  or  overcome 
,.v  *  slight  alterrtion  in  design  ard 
..nnealing  or  noftliiin'  after 
t  .  tins  have  been  forn>ed. 


. onsistently  pood  test  results 
-  <  re  observed  with  Type  A!?  uoit. 
l.-is  '.esign  is  a  step-dewr  ^xxiifica- 
t  ion  of  Types  A  am  A 1 .  since  it  **s 
tot.n.  tl.et  for  all  practical  puroos- 
r,  tr-  .alter  to  bolts  sere  cver- 
.  fiu-(r.  Type  92  was  *  rocnfied. 
ro>rercull)  proceed  model  of  t^e 
-re to tyoe  A2  shici  he  3  been  nrdified 

t  . ,  j;  c  ('■)*  re  i’ m  t  r  p  r  n  d  im  tin.  e  1 1  c 


1  irit.tieri 
\  yjf  •'  cee  tire 

i  pmc  ■  >e  » 
r  t  tur  the r  roc 


"|.<1  results  or  tms 
t  '  ?  virtues  o  t  thr 
-  -.n  ,.n  l  the  >e stabilities 
iif  .c  t  tors  to  nerr-.  t 
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It  was  disclosed  during  Test  1 
that  when  the  bolt  was  able  to  ob¬ 
tain  an  initial  lock  in  the  wood, 
there  was  no  appreciable  difference 
in  the  holding  power  in  either  hard¬ 
wood  or  softwood. 

In  Teat  3,  wherein  the  test 
blocks  containing  the  bolts  and  nuts 
were  subjected  to  severe  rust  condi¬ 
tions,  Figure  8.  it  was  established 
that  the  torque  required  to  Deck  the 
nut  off  the  bolt,  when  both  are  bad¬ 
ly  rusted,  ranged  from  280  inch-lbs. 
to  370  inch-lbs.  It  was  also  noted 
that  under  these  conditions,  the  re¬ 
sistance  of  the  bolt  to  turning  is 
increased.  This  is  due  to  the  addi¬ 
tional  friction  between  the  nut  and 
the  wood  ana  the  resetting  of  the 
word  fibres  around  the  bolt  head, 
caused  by  the  changing  conditions  of 
the  wood,  i.e.,  shrinkage  and  swel¬ 
ling.  The  shearing  of  the  bolt 
shanks,  which  occurred  at  approxi¬ 
mately  200  inch-lbs.  in  Test  1,  was 
resistea  mere  uniformly  under  the 
conditions  of  Test  2  due  largely  to 
t.ie  distribution  ot  stresses  down 
the  entire  length  of  the  Dolt,  an' 
the  added  frictional  forces  brought 
rbot:t  by  the  rust.  Inder  the  condi¬ 
tions  o!  Test  3,  bolt  Type  A2  ms 
st-lc  to  resist  n  rax  i  mum  torque  of 
370  inch-lbs.  without  breaking  or 
1'V'khi''  ;  its  lei... 

In  tests  wherein  the  nut  was  used 
with  the  bolt  it  wps  noted,  that  this 
nut  fulfillel  si!  of  the  reuirt- 
rerts.  For  pldjt.onal  details,  see 
ippcnd.'X  t  ", 
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’  nt  tyics  of  commercial  bolt* 
iirp  not  rffhuily  adaptable  to  pallet 
construct ior.  ;  *ny  bolts  which  ere 
ucceo table  from  strength  conaider- 
.•tions,  have  beer  found  unacceptable 
because  of  coat,  comolication  of  as¬ 
sembly,  or  tlie  neceaaity  of  cor.nter- 
ooring.  Inherently  greater  accept¬ 
ability  is  found  in  bolts  which  hove 
integral  locking  means. 

Those  bolts  which  have  radial 
tins  arranged  under  tiie  head  or  on 
tie  shank  generally  have  greater 
“ noHintf  power*'  or  resistance  to 
turning  in  wood.  The  degree  of  this 
resistance  is  largely  governed  by 
the  area  and  shape  of  the  fins  and 
their  locetior  with  respect  to  the 
longitudinal  axis  of  the  bolt.  A 
detinue  tendency  to  cause  splitting 
of  the  wood  occurs  where  fins  are 
diametrically  oppoaed. 

Ihere  a  bolt  is  able  to  provide 
e  fcood  initial  lock  in  wood,  there 
is  no  appreciable  difference  between 
the  bolding  oower  in  hardwood  or  in 
softwood.  Therefore,  only  a  tingle 
design  need  be  specified  for  either 
hardwood  or  softwood. 

The  high  torques  required  to  re¬ 
move  a  nut  from  its  bolt  when  the 
two  are  badly  rusted,  indicates  that 
only  those  bolts  whose  resistance  to 
turning  was  limited  solely  by  the 
shear  strength  of  the  shank  in  Test 
1  would  adequately  fulfill  the  func¬ 
tions  required  in  pallet  construc- 
t  ion. 

Only  two  of  the  bolts  tested  pre¬ 


sented  a  resistance  to  turning  limi¬ 
ted  onlv  by  shear  strength  of  the 
ahsnka;  they  were  Types  A?,  sno  F. 

Although  the  fins  of  Type  F  were 
not  uniformly  strong  and  occasion¬ 
ally  would  shear  at  high  torques,  it 
is  believed  that  this  condition 
could  be  overcome  by  changing  the 
rrsnufactur ing  technique. 

A  modification  of  prototype  bolt 
A2  which  can  successfully  be  manu¬ 
factured  by  a  cold  forging  process 
will  possess  the  optimum  strength 
and  economy  necessary  for  pallet 
construction. 

In  view  of  the  foregoing  results 
of  testing  the  following  recoconenda- 
tiona  are  made: 

1.  It  ie  recommended  that  bolta 
containing  tha  basic  deaigna  of 
Types  42  and  F  be  cona idered  for 
bolt  spec  if  icat  iona  for  tha  hew 
!  ilitary  Standard  40“  x  48“*ood 
Pallet. 

2.  It  ii  further  recommended 
that  tha  following  investigations 
be  mmda ,  and  that  tha  final 
choice  between  the  two  types  (42 
end  F)  be  baaed  on  the  results 
thereof: 

(a)  The  mod i f ic e t i one  re¬ 
quired  to  make  Type  42  adapt  - 
able  to  c ommercial  cold  forg¬ 
ing  proceaaaa  be  determined , 
end  that  boita  embodying  such 
modifications  and  manufactur¬ 
ed  by  those  procaaaaa  be  ev¬ 
aluated  for  strength,  Thia 
work  ahould  be  done  in  close 


cooperation  with  co mpetent 
bolt  mermfeeturera . 

(b\  The  at rengt honing  of  the 
f  of  Typo  t  bo  inwootigo - 
tt  And  that  bolto  c onto  in  ini 
ony  ehangee  tho  manufecturar 
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moy  oak a  be  evaluated  for 
strength. 

X  It  ia  alao  recommended  that 
the  nut  ueed  in  theae  teats  be 
eccepted  for  uae  in  the  aped  fl¬ 
eet  Iona  for  bolted  pal  lata. 


FIG  /  CONDITIONS  Of  TEST  NO  I  BOLTS  ARE 
DRAWN  UP  INTO  THE  WOOD  BLOCK  ASSEMBLE 
TENSION  IS  then  applied  to  the  BOLT  0Y 
special  nut.  second  spe.al  NU  i  &  torque 
WRENCH  ARE  USED  TO  attempt  TO  TURN 
BOLT  in  wood. 


r*  *  ■ 
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FIG  4  -TYPICAL  IMPRESSIONS  AND  DAMAGES  CAUSED 
9Y  BOLTS  IN  BOTH  HARDWOOD  (UPPER)  AND  SOFTWOOD 

(LOWER''  BLOCKS  IN  ~EST  NO  I. 


f/6.8-  test  blocks  and  bolts  prepared  for 

TEST  3  ALTERNATE  SALT  WATER  DIPS  AND  DRY¬ 
ING  PERIODS  PRODUCED  SEVERE  RUST  CONDITIONS/ 


FIG.  9  FIG. tO  £LQJ1 

REPRESENATIVE  RESULTS  OF  TEST4  .  WHERE  BOLTS  COULD  NOT 
BE  REMOVED  THEY  ARE  SHOWN  ON  TOP  OF  THEIR  RESPECTIVE 
^BLOCKS.  BOARD  WAS  SPLIT  TO  SHOW  OTHER  BOLT  HEADS. 
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The  nut  used  in  Test  7,  3,  and  4 
is  illustrated  in  Figure  5.  It  is 
punched  end  formed  from  steel  strip 
and  zinc  plated.  The  body  of  the 
nut  is  threaded  internally  and  a 
locking  feature  is  added  by  forcing 
a  snail  area  out  of  round  by  con¬ 
trolled  impact.  The  uooer  portion 
of  the  body  contains  a  hexegonel 
socket  which  sill  accept  a  5/16“ 
Alien  wrench.  l*l>e  head  has  three 
notches  equally  spaced  around  jti 
edge.  These  notches  perrit  tighter- 
i  . g  or  loosening  with  a  spanner 
v  r-'f'o1  (nr  in  an  emergency,  a  hammer 


and  punch  or  screwdriver),  figure  6 
snows  one  cf  the  nuts  on  e  spanner 
*  rer.ch. 

The  hex  socket  withstood  torques 
of  over  .  0  inch- pounds  without 
stripping  f Test  4)  and  when  the  low¬ 
er  part  of  the  body  was  gripped  in  a 
vise,  the  shearing  seen  in  Figure  7 
occurred  in  excess  of  POO  ioch- 
ooursas  ■ 

This  nut  is.  manufactured  by  Un- 
itad-Carr  F  wiener  Corporation,  Cam¬ 
bridge,  Masaachueetta ,  end  i#  sold 
under  ‘he  name  of  ^ea-Pot 


